Introduction
============

Uveitis is a serious inflammatory disease of the uvea, frequently leading to blindness and visual disability directly or through ocular complications. Uveitis can be caused by autoimmune response, infection, and injury \[[@r1]\]. In the current treatment, corticosteroids are the mainstay therapy for uveitis, but long-term administration of steroids may result in many systemic or local side effects, such as glaucoma, cataract, and decreased resistance to infection \[[@r2]\]. Therefore, there is an urgent need to develop a more effective and safer anti-inflammatory drug for uveitis.

Minocycline, a second-generation derivative of the tetracycline family, is a clinically available antibiotic, and it has a broad spectrum that is effective against Gram-negative and Gram-positive bacteria. Thus, minocycline has been widely used to treat respiratory infections, reproductive tract infections, skin infections, and suppurative infections \[[@r3]\]. Recently, minocycline has been reported to have various other effects that are independent of its antibacterial activity, including neuroprotective effects via anti-inflammation, immunomodulation, suppression of microglia activation, and inhibition of oxidative stress and neuron apoptosis \[[@r3],[@r4]\]. Additionally, minocycline can penetrate the blood--brain barrier easily owning to the antibiotic's high lipophilicity \[[@r5]\]. Therefore, minocycline is an ideal candidate for the treatment of central nervous system diseases, including traumatic brain injury and neurodegenerative diseases \[[@r6]\]. However, the anti-inflammatory effects of minocycline on uveitis and retinal inflammation are entirely unknown.

Microglia cells are the resident macrophages of the retina that play a critical role in retinal innate immune defense \[[@r7],[@r8]\]. In the normal retina, microglia are located around vessels in the inner part of the retina; however, they can be activated and migrate in the sub-retinal space in uveitis \[[@r9]\], diabetic retinopathy (DR) \[[@r10],[@r11]\], age-related macular degeneration (AMD) \[[@r12]\], and aging \[[@r7]\]. Previous studies reported that resident microglia migrate toward the photoreceptor cell layer before the circulating macrophages and neutrophils infiltrate the ocular tissues in experimental uveitis or in light-induced retinal damage models \[[@r9]\]. The activated microglia generate a broad range of proinflammatory cytokines (such as tumor necrosis factor-alpha, TNF-α), and toxic mediators (such as nitric oxide, NO), which are involved in the recruitment of peripheral neutrophils and macrophages infiltrating the lesions \[[@r13],[@r14]\], and are even suspected to be neurotoxic to photoreceptor cells \[[@r15],[@r16]\]. This suggests that the activation of microglia may contribute to permanent retinal damage. Thus, microglia are a key regulator in retinal inflammation and a potential modulator of the inflammatory response. Targeting microglia may be a potential therapeutic strategy for treating inflammatory and degenerative diseases of the retina.

Endotoxin-induced uveitis (EIU) is a well-established animal model for studying acute inflammatory uveitis. EIU is induced by footpad or intravitreal injection of lipopolysaccharide (LPS). LPS injection into the mouse foot induces mild anterior uveitis, while intravitreal injection of LPS can induce a greater inflammatory response, leading to dose-dependent infiltration of monocytes and neutrophils in the uveal tract, retina, and vitreous \[[@r17]\]. Intraocular inflammation begins 4--6 h after LPS injection, peaks at 24 h, and then starts to resolve after 2 or 3 days \[[@r17],[@r18]\].

In the present study, we first examined whether minocycline can inhibit ocular inflammation in rat EIU. We then focused on microglia cells to explore their functions and cellular mechanisms in retinal inflammation in EIU. Finally, we revealed the mechanism underlying the ability of minocycline to attenuate retinal inflammation is to modulate microglia activation.

Methods
=======

In vivo labeling of retinal microglia
-------------------------------------

All experiments conformed to the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. All animal experiments were approved by the Animal Use and Care Committee of Zhongshan Ophthalmic Center at the Sun Yat-Sen University, Guangzhou, China. The labeling of retinal microglia in rat eyes was performed as described previously \[[@r9],[@r19]\]. Briefly, female Sprague-Dawley rats weighing 180--200 g were anesthetized, and a lateral canthotomy was performed on them, followed by a superior conjunctival peritomy. Dissection was performed posteriorly until the retrobulbar optic nerve was identified. A slit was created in the optic nerve sheath, parallel to the direction of the nerve fibers. Scissors were used to transect the optic nerve within the sheath, and the fluorescent dye 4 N-4-(4-didecylaminostyryl)-N methylpyridinium iodide (4Di-10ASP, Molecular Probes, Eugene, OR) was packed at the cut surface of the optic nerve. The lateral canthotomy was then sutured. The axotomy was performed on the right eyes only.

To examine the labeling of the retinal microglia, the rats were killed on postaxotomy days 14 and 28. The enucleated eyes were fixed in 4% paraformaldehyde (PFA) at 4 °C overnight, and were split to discard the anterior segment and vitreous. The retinas were separated from the choroids and radially divided into four segments, and then were mounted with antifade mounting medium on a slide and examined using a confocal microscope (Carl Zeiss, Overkochen, Germany).

Induction of rat EIU
--------------------

The model of EIU in rat eyes was performed using 4Di-10ASP labeling rats at 28 days or ordinary rats weighing 180--200 g. The right eyes of the rats were given intravitreal injection with 0.5 µg/µl of *Escherichia coli* LPS (Sigma-Aldrich, MO) 2 μl or sterile PBS (1X; 135 mM NaCl, 4.7 mM KCl, 10 mM Na~2~HPO~4~, 2 mM NaH~2~PO~4~, pH 7.4) alone as a control. Before the eye injection, the pupils of the rats were dilated with a mixture of 0.5% phenylephrine hydrochloride and 0.5% tropicamide (Santen, Suzhou, China), and then the anesthesia was inhaled generally with isoflurane and topically with dicaine eye drop. The injections were made in the midvitreous using a 33-gauge needle (Hamilton, Reno, NV). The left eyes of the rats were left as the control group. At the desired time points after the intravitreal injection, the rats were euthanized by inhaling 5% of isoflurane, and the retinas were harvested for real time-PCR or whole-mount staining.

Minocycline administration and clinical evaluation of anterior inflammation
---------------------------------------------------------------------------

To study the effects of minocycline treatment on EIU, the rats received intraperitoneal administration of minocycline (Sigma-Aldrich, Louis, MO) at a dose of 45 mg/kg or an equal volume of PBS as solvent control 2 h before the LPS injection and after the injection. After the LPS injection for 6 and 24 h, the rats were anesthetized with isoflurane inhalation, and then the severity of the anterior inflammation was evaluated and photographed with slit-lamp biomicroscopy. After that, the rats were euthanized by inhaling 5% of isoflurane, and the eyes were harvested for histological analysis and whole-mount staining.

Cell counting and protein concentration of aqueous humor
--------------------------------------------------------

For cell counting and the measurement of the protein concentration in the anterior chamber, aqueous humor was collected with an anterior chamber puncture 24 h after the LPS injection. Cell counting was performed according to previously reports \[[@r20]\]. Briefly, the aqueous humor was diluted with an equal volume of trypan blue (Sigma-Aldrich, Louis, MO), and then the number of viable and non-viable cells was counted manually with a hemocytometer.

For the protein measurement, the aqueous humors were centrifuged for 5 min at 300 *×g*, and the supernatant was obtained. The protein concentration was determined with the bicinchoninic acid assay (BCA)-100 Protein Quantitative Analysis Kit (Biocolor Biotechnology Co., Ltd., Shanghai, China).

Histological analysis
---------------------

For the histological analysis, the eyes of the rats were collected 24 h after the LPS challenge and fixed in 4% PFA overnight. After dehydration and clarification, they were embedded in paraffin and sectioned serially at 4 μm thickness via the pupil--optic nerve plane and then were stained with hematoxylin and eosin. The sections were evaluated with a light microscope (Carl Zeiss).

Immunofluorescent staining of the retina whole-mount
----------------------------------------------------

For immunofluorescent staining, the retinas were permeated and blocked with 1% Triton X-100 in 1% bovine serum albumin (BSA) for 1 h at room temperature (RT) after separation. After that, the retinas were stained with primary antibody CD11b (Serotec, Oxford, UK), Iba-1 (Wako Chemicals, Osaka, Japan), interleukin-1 beta (IL-1β; Abcam, Cambridge, MA), and chemokine (C-C motif) ligand 2 (CCL-2; Novus Biologicals, Littleton, CO) for 18 h at 4 °C. After washing with PBS, the retinas were incubated with the appropriate secondary antibodies conjugated with fluorescent dye (Alexa Fluor 555 or 488, Cell Signaling, Danvers, MA) at RT for 1 h. Finally, the retinas were flat-mounted and examined with a confocal microscope.

Cell culture and treatment
--------------------------

The mouse microglial cell line BV-2 was kindly provided by Professor Xialin Liu at the State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center (Guangzhou, China). The cell line was previously identified with microglia markers Iba-1 and CD11b \[[@r21]\]. The cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco, Life Technologies, Grand Island, NY) containing 10% fetal bovine serum (FBS; Gibco, Life Technologies) at 37 °C in a humidified atmosphere of 5% CO~2~. For LPS stimulation, the cells were seeded in six-well plates and incubated with 100 ng/ml of LPS for 6 h. Minocycline (50 μg/ml) was added 1 h before treatment with LPS. After stimulation, cells were harvested for further analysis.

STR analysis
------------

The mouse microglial cell line BV-2 was authenticated using short tandem repeat (STR) analysis and interspecies contamination testing (Creative Bioarray, Beijing, China). DNA was extracted by a commercial kit from CORNING (AP-MN-BL-GDNA-250G, Corning, NY). The twenty STRs including Amelogenin locus were amplified by six multiplex PCR and separated on ABI 3730XL Genetic Analyzer. Data were analyzed by GeneMapper® ID-X v1.2 software (Applied Biosystems, Suzhou, China). The cells were verified to be of mouse origin, and no multiple alleles and cross contamination of human cells were detected (Appendix 1).

Immunofluorescent staining for cultured cells
---------------------------------------------

Immunofluorescent staining for cultured cells was performed according to previously described protocols \[[@r22]\]. The primary antibodies IL-1β (1:200, Abcam) and CCL-2 (1:200, Novus) were used. Images were obtained with confocal microscopy.

Real-time PCR
-------------

The RNA from BV-2 cells or rat retinas was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA), and then was synthesized into cDNAs using the PrimeScript^TM^ RT Master Mix kit (Takara, Siga, Japan). Quantitative PCR was preformed using the TB Green Premix Ex Taq RT--PCR kit (Takara) according to the manufacturer's instructions. The standard PCR conditions were 30 s at 95 °C, followed by 5 s at 95 °C, 34 s at 60 °C. The PCR reactions were run on an ABI Prism 7000 sequence detection system (Applied Biosystems, Foster City, CA). The results were normalized to the expression of an internal control glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

Western blotting
----------------

The total protein of the BV-2 microglia was extracted using ice-cold lysis buffer (RIPA; Biocolors, Shanghai, China) containing a protease inhibitor cocktail. About 30 μg of protein for each sample was mixed with 5X sodium dodecyl sulfate (SDS) loading buffer and subjected to 12% SDS--polyacrylamide gel electrophoresis (PAGE). After the electroblotting, the membranes were blocked with 5% non-fat milk in PBS with Tween 20 (PBST) for 1 h at RT, and then were incubated with primary antibodies against Toll-like receptor (TLR) 2 and TLR4 (1:1,000, Cell Signaling Technology) at 4 °C overnight. β-actin (Abcam) was used as an internal protein loading control.

Statistical analysis
--------------------

All results were repeated three or more times. The data are presented as mean ± standard error of the mean (SEM) and analyzed by using a Student *t* test. A p value of less than 0.05 was considered statistically significant.

Results
=======

Minocycline attenuates ocular inflammation in rat EIU
-----------------------------------------------------

Minocycline not only has an excellent antibacterial effect but also exerts anti-inflammatory and neuroprotective effects in brain infection and neurodegenerative disorders \[[@r23],[@r24]\]. We first investigated whether minocycline treatment can attenuate ocular inflammation in rat EIU. As shown in [Figure 1A](#f1){ref-type="fig"}, all the challenged eyes that received 1 µg of LPS displayed obvious manifestations of acute anterior inflammation, including chemosis, dilated iris stroma vessels, 3+ to 4+ anterior chamber cells, fibrin exudation, and hypopyon at 6 and 24 h post-infection. The number of inflammatory cells and protein exudation in the aqueous humors were increased by 300-fold and 7.4-fold, respectively ([Figure 1B,C](#f1){ref-type="fig"}). However, in the minocycline treatment group, the manifestations of anterior inflammation were dramatically attenuated. No obvious fibrin exudation and hypopyon were observed in the minocycline treatment eyes, and inflammatory cell infiltration and protein exudation were distinctly reduced compared to the eyes treated with PBS ([Figure 1](#f1){ref-type="fig"}). Furthermore, the histologic analysis of the eyeball sections also revealed that the normal rat eyes displayed normal and well-distinguished layers, whereas the eyes from the LPS-injected group exhibited severe inflammation in all ocular structures. The anterior chamber, iris, and ciliary body were completely filled with fibrin and infiltrated inflammatory cells, and several inflammatory cells were observed migrating from the vitreous humor into the retina ([Figure 2](#f2){ref-type="fig"}). However, the inflammatory response in the minocycline treatment eyes was obviously alleviated. Less fibrin and fewer infiltrated inflammatory cells were seen in the anterior chamber and around the iris and the ciliary body, and fewer inflammatory cells infiltrated into the retinas in the minocycline treatment eyes ([Figure 2](#f2){ref-type="fig"}). Therefore, these results demonstrate that minocycline can effectively attenuate ocular inflammation in rat EIU.

![Minocycline attenuates the anterior inflammation in rat EIU. **A**: Treatment with 45 mg/kg of minocycline or PBS intraperitoneally 2 h before and after lipopolysaccharide (LPS) injection. Representative images of anterior segment of eyes were obtained with slit-lamp biomicroscopy after LPS injection for 6 h and 24 h (n=8 per group). **B**: The number of inflammatory cells in the aqueous humor were counted after 24 h (n=5 per group). \*p\<0.05 compared with the LPS plus PBS group. **C**: The protein concentrations of aqueous humor were quantified after 24 h (n=5 per group). \*p\<0.05 compared with the LPS plus PBS group.](mv-v25-359-f1){#f1}

![Minocycline attenuates LPS-induced inflammation in all ocular tissues. Histopathologic sections from the normal control eyes, and lipopolysaccharide (LPS) stimulation with or without minocycline treatment eyes were stained with hematoxylin-eosin. Representative images from light microscopy display that the anterior chamber, iris, and ciliary body are filled with fibrin (\*\*) and infiltrated inflammatory cells (black arrows), and several inflammatory cells (black arrows) infiltrate into the retina in the PBS-treated retinas. However, minocycline treatment attenuates the inflammation response in all ocular tissues (n=6 per group). Scale bars: 100 μm for anterior chamber sections; 50 μm for iris, ciliary bodies, and retina sections.](mv-v25-359-f2){#f2}

In vivo labeling of retinal microglia
-------------------------------------

Labeling of retinal microglia using 4Di-10ASP in vivo is a well-established method for studying the role of retinal microglia, which can distinguish the activated retinal microglia from infiltrating macrophages \[[@r9],[@r25]\]. Consistent with a previous study, at 14 days after 4Di-10ASP labeling, the whole-mount of the retinas revealed microglia and ganglion cells could be labeled with 4Di-10ASP. The ganglion cells were larger, measuring approximately 30 µm, while the microglia were smaller, measuring approximately 10 to 14 µm ([Figure 3A](#f3){ref-type="fig"}). Nevertheless, at postaxotomy day 28, the ganglion cells disappeared, and the labeled cells presented highly branched morphology and were also positive for CD11b (a microglial marker; [Figure 3B,C](#f3){ref-type="fig"}). These results suggest that only retinal microglia can be labeled with 4Di-10ASP on day 28. Therefore, we established an EIU model that used the axotomized rats at 28 days.

![In vivo labeling of retinal microglia with Fluorescent 4Di-10ASP. **A**: The whole-mount of the retinas shows the staining of the microglia (small ramified cells, white arrows) and ganglion cells (large cell bodies, yellow arrows) after optic nerve transection and 4Di-10ASP was packed for 14 days. Scale bars: 100 μm. *Inset*: higher magnification. **B**: Representative images from the whole-mount of the retinas show microglia staining after labeled with 4Di-10ASP for 28 days. Scale bars: 100 μm. *Inset*: higher magnification. **C**: The retinas, which were labeled with 4Di-10ASP for 28 days, were stained with the microglial marker CD11b (red), and the representative images were obtained with confocal microscopy. Scale bars: 50 μm.](mv-v25-359-f3){#f3}

Microglia can be rapidly activated and peripheral leukocytes were recruited to the retina in EIU
------------------------------------------------------------------------------------------------

To test whether retinal microglia cells are activated in response to LPS stimulation, as occurs in the brain, EIU was induced in the axotomized rats at 28 days, and the eyes were collected at 3, 6, 12, and 24 h post-injection. Microglia morphological change was determined by immunostaining of retinal whole-mounts. At 3 h post-infection, CD11b^+^/4Di-10ASP^+^ cells (microglia) showed resting microglia characterized by small cells with rounded soma and various branching processes in the normal control retinas. However, in the LPS-injected retinas, the CD11b^+^/4Di-10ASP^+^ cells lost their highly branched morphology, and became large cell bodies and short processes, like the morphology of the amoeboid type ([Figure 4A](#f4){ref-type="fig"}). At 6 h and 12 h post-infection, more and more CD11b^+^/4Di-10ASP^-^ peripheral leukocytes were recruited and infiltrated in the LPS-injected retinas, increasing by approximately 15- and 60-fold, respectively ([Figure 4A](#f4){ref-type="fig"}). Moreover, the results from real-time PCR also demonstrated that the expression of chemotactic factor CCL-2 and proinflammatory cytokines TNF-α, IL-1β, and IL-6 was upregulated dramatically in the LPS-injected retinas for 24 h ([Figure 4B](#f4){ref-type="fig"}). Taken together, these results indicate that retinal microglia can be activated promptly, then peripheral leukocytes are recruited and infiltrate into the retinas, and various chemotactic factors and proinflammatory cytokines are markedly increased in the LPS-induced EIU model.

![Microglia can be rapidly activated and peripheral leukocytes were recruited to the retina in EIU. **A**: One microgram of lipopolysaccharide (LPS) was injected into the vitreous of the 4Di-10ASP labeling rats to induce endotoxin-induced uveitis (EIU). The retinas were harvested and stained with a microglial marker CD11b (red) after infection for 3, 6, and 12 h. Representative immunofluorescence images of the retinal whole-mounts were obtained with confocal microscopy (n=6 per group). Scale bars: 40 μm. **B**: Twenty-four hours after the LPS injection, the retinas were harvested, and real-time PCR was used to analyze the mRNA expression of the chemotactic factor CCL-2, and proinflammatory cytokines TNF-α, IL-1β, and IL-6 (n=5 per group). \*p\<0.05 compared with the normal control retinas.](mv-v25-359-f4){#f4}

Minocycline inhibits LPS-induced the proinflammatory response of microglia in vitro
-----------------------------------------------------------------------------------

We next investigated whether minocycline treatment affects the activation of BV-2 microglial cells and the production of proinflammatory cytokines in vitro. The expression of chemotactic factor CCL-2 and proinflammatory cytokines TNF-α, IL-1β, and IL-6 was analyzed in the LPS-activated BV-2 cells for 6 h that were treated with or without minocycline. The results for real-time PCR displayed that LPS stimulation statistically significantly induced CCL-2 and the expression of the proinflammatory cytokines TNF-α, IL-1β, and IL-6 in BV-2 microglial cells. Strikingly, minocycline treatment could attenuate the LPS-induced expression of IL-1β and CCL-2, but had no effects on TNF-α and IL-6 ([Figure 5A](#f5){ref-type="fig"}). Furthermore, the immunofluorescent staining results also demonstrated that minocycline could decrease the LPS-induced expression of IL-1β and CCL-2 ([Figure 5B](#f5){ref-type="fig"}). These results imply that minocycline can inhibit LPS-induced microglia activation and proinflammatory cytokine production.

![Minocycline inhibits LPS-induced the proinflammatory response of microglia in vitro*.* **A**: Real-time PCR analysis of IL-1β, CCL-2, TNF-α, and IL-6 mRNA expression in BV-2 cells exposed to 100 ng/ml of lipopolysaccharide (LPS) with or without minocycline (50 μg/ml) for 6 h. \*p\<0.05 compared with the LPS plus PBS group. **B**: Immunofluorescent staining analysis of IL-1β (green) and CCL-2 (red) expression in BV-2 microglial cells exposed to 100 ng/ml of LPS with or without minocycline (50 μg/ml) for 6 h (n=3 per group). Scale bars: 40 μm.](mv-v25-359-f5){#f5}

Minocycline attenuates LPS-induced retinal inflammation via suppression of microglia activation
-----------------------------------------------------------------------------------------------

Previously, retinal microglia activation and inflammatory cytokine production were reported to be the critical causes of retina damage during retinal inflammation \[[@r8],[@r26]\]. To further determine how minocycline attenuates LPS-induced retinal inflammation in EIU, we evaluated microglia activation and inflammatory cytokine production using retina whole-mount staining and real-time PCR. As illustrated in [Figure 6A](#f6){ref-type="fig"}, the results of whole-mount staining showed that increased numbers of Iba-1 (which primarily expresses in the activated microglia) positive cells were detected in the LPS-challenged retinas at 3 h post-infection. In contrast, almost no Iba-1 positive cells were seen in the minocycline-treated retinas. Additionally, the LPS challenge sharply induced the production of IL-1β and CCL-2 in the retinas at 24 h post-infection; however, minocycline treatment drastically reduced the expression of both ([Figure 6A](#f6){ref-type="fig"}). Moreover, the results from real-time PCR also demonstrated that minocycline treatment could downregulate TNF-α, CCL-2, IL-1β, and IL-6 mRNA expression in response to LPS challenge in vivo ([Figure 6B](#f6){ref-type="fig"}). Therefore, the results indicated that minocycline attenuates LPS-induced retinal inflammation in EIU via modulation of the microglial inflammatory response.

![Minocycline attenuates LPS-induced retinal inflammation via suppression of microglia activation. **A**: Immunofluorescent staining of retinal whole-mounts show iba-1 (red) at 3 h post-infection, and interleukin-1 beta (IL-1β; green) and chemokine (C-C motif) ligand 2 (CCL-2; green) at 24 h in the lipopolysaccharide (LPS) stimulation with or without minocycline treatment eyes (n=4 per group). Scale bar: 40 μm. **B**: Real-time PCR analysis of the mRNA expression of tumor necrosis factor-α (TNF-α), CCL-2, IL-1β, and IL-6 in LPS stimulation with or without minocycline treatment eyes at 24 h post-infection. \*p\<0.05 compared with the LPS treated with PBS group.](mv-v25-359-f6){#f6}

Minocycline suppresses LPS-induced retinal microglia activation through downregulation of TLR4 signaling
--------------------------------------------------------------------------------------------------------

TLRs play a vital role in the innate immune surveillance by microglia \[[@r27]\]. TLR2 recognizes lipoproteins, yeast peptidoglycans, and Gram-positive bacteria cell walls \[[@r28]\], and TLR4 is essential for Gram-positive bacterial recognition, including LPS \[[@r29]\]. To understand how minocycline suppresses LPS-induced retinal microglia activation, we assessed the role of TLR2 and TLR4 in this process. As illustrated in [Figure 7](#f7){ref-type="fig"}, LPS infection could upregulate the expression of TLR2 and TLR4 at the mRNA and protein levels in BV-2 microglial cells, and pretreatment with minocycline could inhibit the TLR4 expression induced by LPS. Nevertheless, minocycline did not affect TLR2 expression ([Figure 7A,B](#f7){ref-type="fig"}). These findings revealed that minocycline suppresses LPS-induced retinal microglia activation through downregulation of TLR4 signaling.

![Minocycline suppresses LPS-induced retinal microglia activation through downregulation of TLR4 signaling. **A**: Real-time PCR analysis of Toll-like receptor (TLR) 2 and TLR4 mRNA expression in BV-2 microglial cells exposed to 100 ng/ml of lipopolysaccharide (LPS) with or without minocycline (50 μg/ml) for 6 h (n=5 per group). \*p\<0.05 compared with the LPS treated with PBS group. **B**: Western blotting of TLR2 and TLR4 protein expression (n=4 per group).](mv-v25-359-f7){#f7}

Discussion
==========

Uveitis often has a devastating effect on ocular tissues and visual function. Corticosteroids are the only available anti-inflammatory treatment used. However, the use of steroids may induce many local and systemic side effects \[[@r30]\]. Minocycline is a broad-spectrum antibiotic, and it also has anti-inflammatory and neuronal protective effects in brain inflammation and neurodegenerative disease \[[@r6],[@r24]\]. However, the effects of minocycline on uveitis remain unclear. In this study, we demonstrated, for the first time, that minocycline has a strong anti-inflammatory effect on rat EIU. Minocycline can effectively attenuate anterior and retinal inflammation induced by LPS. The results from cultured microglia cells in vitro and the rat EIU model in vivo revealed that retinal microglia can be promptly activated and involved in retinal inflammation in the EIU model, but minocycline can inhibit retinal inflammation through suppressing microglia activation, inhibiting inflammatory cell recruitment and inflammatory cytokine production.

In vivo labeling of retinal microglia with fluorescent dye 4Di-10ASP is a well-established method reported by Thanos and Richter \[[@r25]\]. The dye initially appears in the retinal ganglion cells through retrograde axoplasmic transport. The dye is then taken up by the retinal microglia as a result of their phagocytosis of the dye-labeled ganglion cells. The retinal microglia containing the dye remain labeled for up to 12 months \[[@r19]\]. Thus, the long-term labeling of microglia offers an opportunity for evaluating the role of retinal microglia in ocular diseases. In this study, we found microglia and ganglion cells can be labeled with 4Di-10ASP at 14 days after axotomy. Then the ganglion cells disappear, and only retinal microglia are labeled at postaxotomy day 28. These results are consistent with those of a previous study \[[@r19]\]. Therefore, we established an EIU model using the axotomized rats at 28 days in the present study.

Microglia cells form an important part of the retinal innate immune defense. Normally, microglia reside in the ganglion layer and the inner and outer plexiform layers of the retina. However, under pathogenic conditions, microglia can be activated and respond within an extremely short time, and undergo structural changes, from a resting surveillance state to an active ameboid form \[[@r31]\]. The activation of microglia may secrete various inflammatory mediators to further promote immune cells to recruit to the retina \[[@r32]\]. Therefore, microglial reactivity is a hallmark of various retinal degenerative and inflammatory diseases, including uveitis, retinitis pigmentosa, DR, glaucoma, and AMD \[[@r26]\]. In this study, we also demonstrated that retinal microglia are activated with changes in morphology response to LPS rapidly after challenge for 3 h. Then numerous peripheral leukocytes are recruited and infiltrate in the infected retinas. Furthermore, a wide range of proinflammatory cytokines, such as IL-1β, TNF-α, IL-6, and CCL-2, were increased in BV-2 microglia cells and the EIU model in vitro and in vivo, which can worsen retinal damage. Thus, these results suggest that microglia play an important role in LPS-induced retinal inflammation in EIU.

Minocycline, which is a broad-spectrum antibiotic, has anti-inflammatory effects independent of its anti-microbial activity. Minocycline has been proved to be a potent inhibitor for microglia activation, and a neuronal protector in brain ischemia and neurodegenerative disease models \[[@r33]-[@r37]\]. The beneficial effects of minocycline in ocular diseases have also been reported in a light-induced retinal degeneration model, glaucoma, diabetic retinopathy and branch retinal vein occlusion ischemic model \[[@r15],[@r38]-[@r41]\]. However, no studies are available on the effects of minocycline on uveitis. In this study, we reported, for the first time, that minocycline can strongly alleviate LPS-induced inflammation response in the rat EIU model. Less fibrin exudation and fewer infiltrated inflammatory cells were seen in the anterior chamber and around the iris and the ciliary body, and fewer inflammatory cells infiltrated into the retinas in the minocycline treatment group. In addition, minocycline can significantly suppress retinal microglia cell activation and the production of proinflammatory cytokines TNF-α, CCL-2, IL-1β, and IL-6 in vivo. However, minocycline had no effects on TNF-α and IL-6 in vitro*.* We speculate that the inconsistent results for TNF-α and IL-6 in vitro and in vivo were due to the difference in the nature of the models. In vivo, various types of cells are involved in the immune response and produce inflammatory factors, rather than a single kind of cell as in an in vitro study.

TLRs have been shown to recognize pathogen-associated molecular patterns and initiate innate immune responses. At present, ten TLRs have been identified in humans and nine in mice, including TLR1--9 \[[@r42]\]. It has been reported that TLR2 associates with TLR6 to recognize triacyl lipopeptides from bacteria, and TLR4 recognizes LPS in association with a LPS-binding protein, CD14, and MD-2 \[[@r42]\]. TLR signaling activation leads to the induction of nuclear factor kappa beta (NF-κB), ultimately leading to chemokine and proinflammatory cytokine production, and upregulation of the cell surface molecules involved in the initiation of adaptive immune responses \[[@r43]\]. In addition, microglia express all of the recently identified TLRs and form an important part of the retinal innate immune defense \[[@r27]\]. Stimulation of quiescent microglia with various TLR agonists, including LPS (TLR4), peptidoglycan (TLR2), polyinosinic-polycytidylic acid (TLR3), and CpG DNA (TLR9), can activate the microglia to produce proinflammatory cytokines and chemokines \[[@r27]\]. Based on the dominant roles of TLR signaling in the innate immune response of microglia, it can be postulated that the effects of minocycline are likely to occur via suppressing TLR signaling. Thus, we examined the expression of TLR2 and TLR4 that recognize bacteria, and demonstrated minocycline treatment can suppress TLR4 expression directly. Therefore, these data indicate that the mechanism of the microglia inactivation effect of minocycline is via suppressing TLR4 signaling.

In summary, using the EIU model in vitro and in vivo, these results provide evidence that minocycline can strongly alleviate the LPS-induced inflammation response in the rat EIU model. Microglia can be activated promptly and play a critical role in retinal inflammation. Minocycline treatment can inhibit retinal inflammation through suppressing microglia activation, and inhibiting inflammatory cell recruitment and inflammatory cytokine production in vitro and in vivo*.* Finally, we also demonstrated the mechanism of the microglia inactivation effect of minocycline is via directly suppressing TLR4 signaling. These encouraging results suggest that minocycline has potential as a therapeutic approach for the treatment of uveitis.
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